Hematological analysis is an important test for the detection of disease and for monitoring the health of humans and animals. Automated hematology analyzers have been routinely used as a rapid, accurate and simple diagnostic method, not only for humans \[[@r5], [@r14]\], but also for animals \[[@r8], [@r15]\]. The three major procedures performed in red blood cell (RBC) and platelet (PLT) counting are manual phase contrast microscopy, impedance and optical light scatter/fluorescence \[[@r3]\]. Results produced from these three methods are not necessarily identical due to differences in PLT particle size and aggregation, and red and/or white blood cell fragmentation. Evaluations of the automated hematology analyzer using human and animal samples have been reported \[[@r1], [@r12]\]. However, despite the fact that RBC and PLT in mice are smaller in size and more numerous than in humans, evaluations of the automated hematology analyzer using murine samples have not been reported, to the best of our knowledge.

In this study, correlations between results from manual direct cell counting by microscopy and an automated hematology analyzer, including optical and impedance methods, were evaluated using commonly used three mouse strains.

C57BL/6NCrl (B6), BALB/cAnNCrlCrlj (BALB) and DBA/2NCrl (D2) inbred mice were obtained from Charles River Japan (Yokohama, Japan). Fifteen mice (five 3-week-old and ten 20-week-old male mice) from each strain were included in the study. Approximately 500 *µl* blood samples were collected from the axillary arteries and veins of mice under isoflurane anesthesia and placed into sample tubes (Terumo Venoject II, TERUMO Corp., Tokyo, Japan) containing ethylenediaminetetraacetic acid (EDTA-2K). Experiments were approved by the Animal Care and Use Committee of the Teikyo University. The regulations were established in compliance with the law for the humane treatment and management of animals.

RBC and PLT were counted using an automated hematology analyzer (Sysmex XE-5000 hematology analyzer, Sysmex, Kobe, Japan) in EDTA-anticoagulated whole blood samples. Measurements included RBC and PLT counts by optical and impedance methods. Samples were thoroughly inverted and then analyzed according to the manufacturer's instructions.

Whole blood samples in EDTA were diluted with isotonic solution (Gower's solution), and then the diluted blood was introduced into the counting chamber where the cell count was performed microscopically (E200, Nikon, Tokyo, Japan).

PLTs were counted in accordance with the brecher-chronkite method \[[@r2]\]. Whole blood samples were diluted with 1% ammonium oxalate solution. The isotonic balance of the diluent was such that all erythrocytes are lysed while the platelets remain intact. The dilution was mixed well and incubated at 25°C for 15 min to permit erythrocyte lysis. Following the incubation period, the dilution was mounted on a hematocytometer (ERMA Inc., Tokyo, Japan). The cells were allowed to settle and were then counted in a specific area of the hemocytometer chamber under a microscope.

Statistical analysis was performed using IBM SPSS^®^ statistics software version 22 (Tokyo, Japan). Significant differences between the manual direct and automated counts were determined using Student's *t*-test, and the coefficient of variation (CV) of the measurement results was calculated. *P*-values \<0.05 were considered statistically significant. Correlations between both test results were evaluated using the Pearson's correlation coefficient test.

Mean± standard deviation (SD) RBC and PLT manual and automated counts for the different methods, including optical and impedance methods, in BALB, B6 and D2 mice (n=10, 20-week-old mice each) are shown in [Table 1A--C](#tbl_001){ref-type="table"}Table 1.Mean (± standard deviation) manual and automated counts of RBC and PLT for the different parameters, optical and impedance.

For the manual counting method, mean± SD RBC counts in BALB mice (1,092.2 ± 95.4 × 10^4^ cells/*µl*) were significantly higher than those in C57BL/6 (989.6 ± 97.3 × 10^4^ cells/*µl*) and D2 mice (1,003.2 ± 43.1 × 10^4^ cells/*µl*) (*P*\<0.05). There was no significant difference in RBC counts between B6 and D2 mice. Mean ± SD PLT counts in BALB mice (121.8 ± 13.3 × 10^4^ cells/*µl*) were significantly higher than in B6 (104.4 ± 18.2 × 10^4^ cells/*µl*) and D2 mice (107.8 ± 14.3 × 10^4^ cells/*µl*) (*P*\<0.05). There was no significant difference in PLT counts between B6 and D2 mice.

For RBC counts in BALB mice, the automated count using the impedance method generated significantly lower values (998.2 ± 25.8 × 10^4^ cells/*µl*) than the manual method (1,092.2 ± 95.4 × 10^4^ cells/*µl*) (*P*\<0.05). For RBC counts in D2 mice, automated counts using the optical method (1,094.7 ± 44.1 × 10^4^ cells/*µl*) were significantly higher than those using the manual method (1,003.2 ± 43.1 × 10^4^ cells/*µl*) (*P*\<0.05). There were no significant differences in counts between manual and automated methods for the BALB and B6 strains of mice (*P*\>0.05).

For PLT in BALB B6 and D2 mice, automated counts using the impedance method (BALB: 59.9 ± 6.1 × 10^4^ cells/*µl*, B6: 55.9 ± 8.9 × 10^4^ cells/*µl* and D2: 47.5 ± 9.7 × 10^4^ cells/*µl*) were significantly lower than those using the manual method (BALB: 121.8 ± 13.3 × 10^4^ cells/*µl*, B6: 104.4 ± 18.2 × 10^4^ cells/*µl* and D2: 107.8 ± 14.3 × 10^4^ cells/*µl*) (*P*\<0.05). Furthermore, PLT counts in D2 mice using the automated optical method were also lower than those using the manual method (*P*=0.025). The CV with the manual method was higher than that with the automated methods as shown in [Table 1](#tbl_001){ref-type="table"}. Correlations between manual and automated methods using 10-, 20-week-old and five 3-week-old mice of each strain are shown in [Figs. 1](#fig_001){ref-type="fig"}Fig. 1.Correlation between manual and automated impedance methods for RBC assessment in BALB/c mice blood samples. Correlation coefficient: r=0.858, *P*\<0.05. Regression equation between manual (Y) and optical (X) methods: Y=1.52X+426. and [2](#fig_002){ref-type="fig"}Fig. 2.Correlation between manual and automated optical methods for RBC assessment in DBA/2 mice blood samples. Correlation coefficient: r=0.841, *P*\<0.05. Regression equation between manual (Y) and optical (X) methods: Y=0.72X+203..

For RBC counts, the regression equation between manual (Y) and impedance (X) in BALB mice was Y=1.52X+426 (r=0.858, *P*\<0.05), while the regression equation between manual (Y) and optical (X) in D2 mice was Y=0.72X+203 (r=0.841, *P*\<0.05).

PLT counts between manual and automated impedance methods in BALB and B6 mice, between manual and automated optical methods in D2 mice, and between manual and automated impedance methods in D2 mice are shown in [Figs. 3](#fig_003){ref-type="fig"}Fig. 3.Correlation between manual and automated impedance methods for PLT assessment in BALB/c mice blood samples. Correlation coefficient: r=0.926, *P*\<0.05. Regression equation between manual (Y) and optical (X) methods: Y=2.66X+39.76., [4](#fig_004){ref-type="fig"}Fig. 4.Correlation between manual and automated impedance methods for PLT assessment in C57BL/6 mice blood samples. Correlation coefficient: r=0.849, *P*\<0.05. Regression equation between manual (Y) and optical (X) methods: Y=1.69X+7.45., [5](#fig_005){ref-type="fig"}Fig. 5.Correlation between manual and automated optical method for PLT assessment in DBA/2 mouse blood samples. Correlation coefficient: r=0.95, *P*\<0.05. Regression equation between manual (Y) and optical (X) methods: Y=1.12X+2.09., [6](#fig_006){ref-type="fig"}Fig. 6.Correlation between manual and automated impedance methods for PLT assessment in DBA/2 mouse blood samples. Correlation coefficient: r=0.854, *P*\<0.05. Regression equation between manual (Y) and optical (X) methods: Y=2.29X+4.81.. Regression equations were Y=2.66X+39.76 (r=0.926, *P*\<0.05), Y=1.69X+7.45 (r=0.849, *P*\<0.05), Y=1.12X+2.09 (r=0.95, *P*\<0.05) and Y=2.29X+4.81 (r=0.854, *P*\<0.05), respectively. Abnormal RBC morphology or PLT aggregation was not observed microscopically in B6 and BALB mice. In contrast, PLT clotting was observed in all blood samples from D2 mice including at 3 weeks and 20 weeks of age, as shown in [Fig. 7.](#fig_007){ref-type="fig"}Fig. 7.Platelet clotting in blood samples from DBA/2 mice aged 20 weeks (bar=100 *µ*m).

In this study, an evaluation of mouse red blood cell (RBC) and platelet (PLT) counting with an automated hematology analyzer, including impedance and optical methods, was performed by comparing data with that obtained by manual direct cell counting under a microscope. Fully automated analyzers have been widely used to clarify hematological parameters in both humans and animals. The automated hematology analyzer used in this study, the Sysmex XE-5000, has two modes: the optical method and impedance method. Manual phase contrast microscopy count is still currently recognized as the gold standard or reference method \[[@r3]\], because automated procedures are influenced by PLT clotting and cell size \[[@r3], [@r12]\]. Impedance PLT counting can provide an accurate PLT count down to 20 × 10^3^ cells/*µl*; however, a major disadvantage of this method is the difficulty in distinguishing large PLT from extremely microcytic or fragmented RBC. In contrast, optical PLT counting can distinguish between small and large PLT, RBC fragments and debris \[[@r3], [@r12]\]. In particular, in the case of human blood samples, results from optical and impedance methods have revealed differences in the presence of small-sized RBC, crushed erythrocytes, large PLT, fragments of RBC and/or white blood cells, and aggregation of PLT and/or RBC \[[@r3]\]. It has been previously reported that the type of anticoagulant affects PLT aggregation. Blood samples had significantly lower PLT counts and more PLT aggregation in heparinized tubes than in EDTA tubes \[[@r13]\]; EDTA tubes were used in the present study. If blood specimens show an anomalous particle-size distribution curve in the area where PLT counts are low (exceptionally low PLT count samples), the counting method is automatically switched over to optical. In the present study, even when the method was changed to optical, the PLT count of DBA2 mice was lower compared with the manual method, suggesting that mouse strain should be taken into account when PLT is measured using an automated hematology analyzer.

Mouse blood samples, including cell size and volume, are relatively different compared with human samples. The average size of RBC in humans and mice is 7.3 and 5.8 *µ*m in diameter \[[@r6]\], respectively, and the average RBC count is 3.80--5.50 × 10^6^ cells/*µl* and 10.2 × 10^6^ cells/*µl* \[[@r7], [@r9]\], respectively. The average size of PLT in humans and mice is 1--2 *µ*m and 0.5 *µ*m \[[@r11]\], respectively, and the average count is 150--400 × 10^3^ cells/*µl* and 1,000--1,500 × 10^3^ cells/*µl*, respectively \[[@r11]\]. Therefore, RBC and PLT sizes are larger in humans than in mice, while counts are lower in humans than in mice.

In this study, to evaluate the automated analyzer using samples from three strains of mice (BALB, B6 and D2), the results of optical and impedance methods were compared with those of the standard manual microscopic counting method. The results, including RBC and PLT counts, suggested that the automated data from the impedance method were lower than those of the manual microscopic method except with samples from B6 and D2 mice. For B6 and D2 mice samples, significant differences between automated impedance and manual microscopic methods were not observed. There were no significant differences between the automated data from the optical and manual methods except for samples from D2 mice. The RBC counts of the automated optical method were higher than those of manual method in D2 samples, while the PLT counts of the automated optical method were lower than those of the manual method. PLT from D2 mice showed a clumping tendency by microscopic analysis (data not shown) that may have caused a lower count compared with the manual method; however, RBC condition, including form, did not differ between mouse strains. Mean RBC count in D2 mice using the automated optical method was 1,094.7 ± 44.1 × 10^4^ cells/*µl*, which was within the normal range, suggesting the necessity for the definition of the normal range using automated methods with D2 mice. D2 mice showed PLT clotting, the size of the clotting ranged between 50 and 100 *µ*m (data not shown), suggesting that clotting PLT resulted in incorrect counts with the impedance method. The analytical imprecision, CV, for PLT counting was higher than that for RBC counting, which may have been caused by PLT clotting. It was reported that PLT aggregation response in the whole blood was different depending on the animal species, for example, the aggregation response against adenosine diphosphate; ADP was lower in baboons comparing with in human \[[@r10]\]. The anticoagulants, such as citrate, affect spontaneous aggregation of PLT in Wistar rat but not in Beagle dog \[[@r3]\]. These reports suggested that animal species should be taken into account to count PLT using an automated hematology analyzer.

Despite the fact that the data from manual and automated methods did not necessarily match, a correlation between RBC and PLT results from both methods was recorded. This suggests that automated data can be converted to manual data using a regression equation.

It has been reported that blood counts including RBC and PLT vary depending on several factors, such as anticoagulants, technique for obtaining a blood sample and sampling site \[[@r7], [@r16]\]. All of the samples used in the present study were collected in the same manner, using EDTA as a coagulant; therefore, the differences between strains should be due to PLT function, such as ease of clotting.

In conclusion, an automated hematology analyzer, involving optical and impedance methods, can be used as a rapid, accurate and simple diagnostic method. Sample conditions can influence the accurate assessment of RBC and PLT counts. Our data showed that PLT counts using samples from the D2 mouse strain were significantly lower compared with the manual method due to PLT clotting. This suggests that the mouse strain should be taken into consideration when performing hematological assessments.
